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(54) Hue: PROCESS AND MACHINE FOR UNITING ROTATABLE MACHINE COMPONENTS 
(57) Abstract 

A hub (2) includes a spindle (14) which projects 
through a housing (4) and rotates relative to the housing (4) 
on a bearing (6) that is located between the spindle (14) and 
the housing (4). The bearing (6) has two sets of raceways 
(28, 40) that are oblique to the axis x, and in addition rolling 
elements (36) arranged in two rows between the sets of 
raceways (28, 40). Hie inner raceways (28) that fit around 
the spindle (14) and have back faces (32), with the back face 
(32) for one of the races (26) being against a shoulder (18) 
from which the spindle (14) projects. Initially, the end of the 
spindle (14) projects straight beyond the back face (32) of 
the outer race - indeed, so that the races (26) can be installed 
over the spindle (14). But once the housing (4) and races (26) 
are in a position around the spindle (14), the projecting end 
portion of the spindle (14) is deformed radially and axially 
in a rotary forming operation such that it transforms into a 
formed end (20) mat lies behind back face (32) of the race 
(26). With the two races (26) between the formed end (20) 
and the shoulder (18). During the rotary forming operation 
the hub (26) rotates, and the end of its spindle (14) is forced 
against a rotating forming tool and the force is monitored. 
The housing (4) is restrained and the torque transferred from 
the rotating hub (2) to the housing (4) is monitored. 
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PROCESS AND MACHINE FOR UNITING ROTATABLE MACHINE 
COMPONENTS 

This invention relates in general to machine components having an 
5 antifriction bearing between them for enabling one component to rotate 
relative to the other and, more particularly, to a rotary forming process 
and machine for uniting the machine components and the bearing. 

Several basic arrangements exist by which the road wheels of 
automotive vehicles are attached to the suspension systems of such 

10 vehicles, and all involve a rotatable hub of one type or another. In one 
arrangement, the hub has a drive flange, and a spindle which projects 
from the flange. The spindle rotates in a housing on an antifriction 
bearing. The housing is bolted to the suspension system of the 
vehicle, while the road wheel is bolted to the flange of the hub. Thus, 

15 the hub and road wheel rotate relative to the housing and suspension 
system with minimum friction. The bearing has angular raceways 
which are oriented such that they take thrust loads in both axial 
directions as well as radial loads. Typically, the bearing has inner 
races mounted on the spindle and rolling elements arranged in two 

20 rows between raceways on the inner races and more raceways in the 
housing. A nut threads over the end of the spindle to retain the inner 
races on the spindle, and this has the effect of holding the entire 
arrangement together, that is, unitizing the hub assembly. 

But the threads require an extra machining operation in the 

25 manufacture of the hub and the installation of the nut represents 
another assembly operation. These operations are reflected in the 
ultimate cost of the hub assembly. Furthermore, a nut may work loose 
and disrupt the setting of the bearing, perhaps causing wheel wobble 
and damaging the seals that isolate the interior of the bearing. 
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and disrupt the setting of the bearing, perhaps causing wheel wobble 
and damaging the seals that isolate the interior of the bearing. 

Others have employed a rotary-formed bead at the end of a hub 
spindle to hold a hub assembly together. But forming the bead, at 
5 least against the back face of the inner race for an antifriction bearing, 
requires precision and close monitoring of the forming, operation to 
ensure that the forming operation does not distort the bearing and 
detract from its operation. 

The present invention resides in a process for uniting two 

10 machine components and a bearing that is between the components 
for enabling one component to rotate relative to the other component. 
The bearing may have raceways that lie oblique to the axis of rotation 
and two rows of rolling elements, with the arrangement being such that 
the rolling elements transmit both radial and axial loads between the 

15 components. At least one of the raceways is on a race that is fitted to 
one of the machine components. Initially, that machine component 
projects beyond the race without obstructing the race, but thereafter 
the end of the component is radially and axially deformed in a rotary 
forming operation to produce a formed end which lies behind the race 

20 and unitizes the assembly. During the rotary forming operation, the 
component that is deformed rotates, relative to the other component, 
against a forming-tool. Preferably, the other component is restrained. 
The torque transferred from the rotating component to the stationary 
component may be monitored. For example, one of the components 

25 includes a flange which is held stationary such that the flange serves 
as a torque arm. 

The present invention further provides a machine for uniting first 
and second machine components and a bearing that is between the 
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components to enable one component to rotate relative to the other 
component about an axis of rotation, the bearing including raceways 
and rolling elements arranged in at least one row between the 
raceways, such that the rolling elements transmit radial and axial loads 
5 between the machine components, the bearing including a separate 
race that is fitted to the second component with the second component 
initially extending beyond a back face on the race in provision of an 
end portion, said machine comprising: a table that rotates about an 
axis and is configured to receive and engage the second machine 

10 component with that axis of the bearing and the axis of the table 
coincident, whereby the second component rotates with the table: a 
restraining member configured to engage the first machine component 
and prevent it from rotating with the second component: a head 
located axially beyond the table, but presented toward the table and 

15 having a spindle that rotates; and a forming tool carried by the spindle 
of the head and configured to radially and axially deform the end 
portion of the second component when the table and head are brought 
toward each other, with deformation causing the metal of the end 
portion to flow behind the back face of the separate race for the 

20 bearing, whereby the machine unites the first and second component 
and the bearings. 

In a separate aspect the present invention provides a bearing 
unitized between two machine components manufactured in 
accordance with the above described process, wherein an end portion 

25 of one of the machining components is radially and axially deformed 
about the outer surface of one end of the bearing, a portion of the 
outer surface of the deformed end describing a substantially flat 
clamping surface. 
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In a further aspect the present invention provides a machine 
component for use in the above described process, the machine 
component having an end portion with a substantially flat inner surface 
and an outer surface formed from a plurality of tapered surfaces each 
5 at different angles to the axis of rotation of the component. Preferably, 
the outer surface of the end portion is described by three connecting 
tapered surfaces with the middle tapered surface being at a smaller 
angle to the axis of rotation than the outer two tapered surfaces. 

The invention also consists in the parts and in the arrangements 
10 and combination of parts hereinafter described and claimed. 

Fig. 1 is a sectional view of a hub assembly unitized with a 
formed end in accordance with the present invention; 

Fig. 2 is an end view of the hub assembly taken along line 2-2 of 

Fig. 1; 

15 Fig. 3 is an enlarged partial sectional view of the formed end 

that unitizes the hub assembly; 

Fig. 4 is a partial sectional view of an end portion prior to 
deformation into the formed end of Fig. 3; 

Fig. 5 is a front elevational view of the machine for deforming 
20 the end portion illustrated in Fig. 4 into the formed end illustrated in fig. 
5. 

Fig. 6 is a sectional view of the machine taken along line 6-6 of 
Fig. 5; and 

Figs. 7A, B f and C are sectional views in elevation showing the 
25 tool for deforming the end portion and sequentially illustrating the 
deformations. 

Corresponding reference numerals will be used throughout the 
several figures of the drawings. 



SUBSTITUTE SHEET (RULE 26) 



ft 

WO 98/58762 



PCT/GB98/01823 



-5- 

The following detailed description illustrates the invention by 
way of example and not by way of limitation. This description will 
enable one skilled in the art to make an use the invention, and 
describes that which is presently believed to be the best mode of 
5 carrying out the invention. 

Referring now to the drawings, a hub assembly A (Fig. 1) for 
attaching a road wheel for a vehicle to the suspension system of the 
vehicle includes a hub 2, a housing 4 and a bearing 6 which enables 
the hub 2 to rotate relative to the housing 4 about an axis X of rotation 

10 with relatively little friction. A road wheel and a brake disk are attached 
to the hub 2. while the housing 4 is secured firmly against a component 
of the suspension system for a vehicle. 

The hub 2 (Fig. 1) has a flange 10, a short pilot diameter 12 on 
one side of the flange 1 0 and a spindle 14 on the other. Both the pilot 

1 5 diameter 1 2 and the spindle 1 4 lie along the axis X. The flange 1 0 
contains lug bolts 16 which project axially from it in the direction of the 
pilot diameter 12. but lie radially outwardly from it. The pilot diameter 
12 functions as a pilot for aligning the wheel with the hub 2 as the 
wheel is advanced against the flange 10, to which it is secured with lug 

20 nuts that thread over the bolts 16. The spindle 14 merges from a 
shoulder 18 set inwardly from the inside face of the flange 10 and 
terminates in a formed end 20 located at its opposite end. The spindle 
14 contains a bore 22 which opens out of it at the formed end 20. 

The bearing 6 includes (Fig. 1) an inner race in the form of two 

2 5 cones 26 which fit around the spindle 1 4 where they are captured 
between the shoulder 18 and the formed end 20, there being an 
interference fit between each cone 26 and the spindle 14. Each cone 
26 has a tapered raceway 28 that is presented outwardly away from 
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the axis X, a thrust rib 30 at the large end of its raceway 28, and back 
face 32 that is squared off with respect to the axis X on the end of the 
thrust rib 30. The inboard cone 26 is somewhat longer than the 
outboard cone 26 by reason of a cylindrical cone extension 34 which 
5 projects beyond the small end of its raceway 28. The inboard cone 26 
at its cone extension 34 abuts the small end of the outboard cone 26 
along the spindle 14, that is to say, the two cones 26 abut their front 
faces. The back face 32 of the outboard cone 26 abuts the shoulder 
18 that lies immediately inwardly from the flange 10. The formed end 

10 20 outwardly beyond the inboard cone 26 and lies against the back 
face 32 of that cone. Thus, the two cones 26 are captured on the 
spindle 14 between the shoulder 18 and the formed end 20. The two 
cones 26 abut their opposite ends, that is at their front faces, so that 
the extension 34 lies between the raceways 28 out of the two cones 

15 26. 

In addition to the cones 26, the bearing 6 includes tapered 
rollers 36 arranged in two rows, there being a separate row around 
each cone 26. Actually, the rollers 36 extend around the raceways 28 
for the cones 26 with their tapered side faces along the raceways 28 

20 and their large end face against the thrust ribs 30. The rollers 36 of 
each row are essentially on apex, which means that the envelopes in 
which their tapered side faces lie will have their apices located at a 
common point along the axis X. Each row of rollers 36 has a cage 38 
to maintain the proper spacing between the rollers 36 in that row. 

25 The ring-like housing 4 surrounds the spindle 14 as well as the 

two cones 26 and the two rows of rollers 36. It forms part of the 
bearing 6 in that it has tapered raceways 40 which are presented 
inwardly toward the axis X. Indeed, the housing 4 constitutes the outer 



SUBSTITUTE SHEET (RULE 26) 



WO 98/58762 



PCT/GB98/01823 



-7- 

race of the bearing 6. The raceways 40 on the housing 4 taper 
downwardly toward an intervening surface 42 which separates them. 
The rollers 36 likewise lie along the raceways 40 of the housing 4, 
contacting the raceways 40 at their tapered side faces. At their large 
5 ends t the raceways 40 open into short end bores 44 in which the thrust 
ribs 30, of the two cones 26 are located. 

Generally midway between its ends, the housing 4 has a 
triangular flange 46 (Fig. 2) which fits against a component of a 
suspension system for a vehicle. Here the housing A is secured firmly 

10 to the suspension system component with bolts that engage threaded 
holes 47 located in the lobes of the triangular flange 46. Along one of 
the edges of the triangular flange 46 the housing 4 contains a bore 48 
(Fig. 1) which extends inwardly, obliquely to the axis X, and opens into 
the interior of the housing 4 through the intervening surface 42. 

15 The oblique bore 48 contains a speed sensor 50, the inner end 

of which is presented toward an excitor ring 52 that fits over the 
extension 34 at the small end of inboard cone 26. Thus, the excitor 
ring 52 lies between the two rows of rollers 36. The ring 52 has teeth 
or other disruptions which cause the sensor 50 to produce a pulsating 

20 signal as those disruptions move past the end of the sensor 50, and 
this of course occurs as the spindle 14 and the cones 26 around it 
rotate. The frequency of the signal reflects the angular velocity of the 
spindle 14 and indeed the entire hub 2. 

The end bores 44 in the housing 4 contain seals 54 which fit 

25 around the thrust ribs 30 on the cones 26 to establish dynamic fluid 
barriers at the ends of the housing 4. These barriers isolate the rollers 
36 and the raceways 28 and 40 from road contaminants, such as 
water, ice-melting salts and dirt. 
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The formed end 20 lies behind the back face 32 of the inboard 
cone so that the two cones 26 are captured between shoulder 18 and 
the formed end 20 with their small ends in abutment. This not only 
retains the cone 26 in the spindle 14, but also retains the housing 4 
5 and rollers 36 in place, this being attributable to the tapered geometry. 
In short, the formed end 20 unitizes the hub 5 assembly A. 

More specifically, the formed end 20 wraps around the inboard 
cone 26 at a profiled or curved inside comer 56 (Fig. 3) and 
immediately outwardly from the corner 56 has a flat inside end face 58 

10 that lies along the back face 32 of the inboard cone 26. On its 

opposite side, the formed end 20 has a curved outside end surface 60 
which merges with a flat outside end surface 62 that lies perpendicular 
to the axis X. The curved outside end surface 60 and the flat inside 
end face 58 are connected through a relatively sharp, yet curved, 

15 outside comer 64. The flat outside end surface 62 merges into a first 
beveled surface 66 which lies at an oblique angle with respect to the 
axis X and the beveled surface 66 merges into another second 
beveled surface 68 located at a somewhat steeper angle to the axis X. 
The steeper beveled surface 68 leads into the bore 22. The outside 

20 comer 64 lies radially at or slightly inwardly from the large end of the 
raceway 28 on the inboard cone 26. The flat outside end surface 62 
provides a clamping surface for the hub assembly when clamped 
against a constant velocity joint or other such member. 

The hub 2 does not always have the formed end 20. Initially, it 

25 exists as a pre-form 70 (Fig. 4), which is the condition in which it forged 
and then machined. In the pre-form 70 the spindle 14 is straight, that 
is to say, its cylindrical exterior surface continues axially to the very end 
of the spindle 14. The two cones 26, the rollers 36 of the two rows, 
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and housing 4, which is captured by the rollers 36, are all installed over 
the straight spindle 14 of the pre-form 70, leaving an end portion 71 of 
the spindle 14 projecting beyond the inboard cone 26. Thereupon, the 
projecting end portion 71 is deformed radially outwardly and axially into 
5 the formed end 20 in a rotary forming operation (Fig. 7). 

In the pre-form 70, the spindle 14 has (Fig. 4) the first beveled 
surface 68 that leads away from the bore 22. The beveled surface 68 
merges into a slightly tapered surface 72 at a comer or circle C of 
transition. The slightly tapered surface 72 merges into another tapered 

10 surface 74 leads of greater angle. The steeper tapered surface 74 
leads out to a flat end surface 78 with which it merges at a curved 
surface 80. The flat end surface 78 at its periphery has a chamfer 82. 

That end portion 71 of the pre-form 70 initially projects beyond 
the back face 32 of the inboard cone 26 without change in its external 

15 diameter, but is thereafter transformed into the formed end 20 in a 
rotary forming procedure. (Fig. 7). In this procedure the metal of the 
end portion 71 flows radially and axially, all without acquiring cracks, 
and ultimately assumes the configuration of the formed end 20. The 
transformation occurs in a rotary forming machine B. 

20 The rotary forming machine B includes (Figs. 5 and 6) a frame 

90 which carries a table 92 that rotates about a vertical axis Y. 
Actually, the table 92 rotates on a base 94 with the power for 
producing the rotation being supplied by a motor, either electric or 
hydraulic, that is in the base 94. The base 94 follows vertical ways 96 

25 on the frame 90, with this translational movement deriving from a ram 
98 that is located between the bottom of the frame 90 and the base 94. 
The ram 98 contains a load cell for measuring the force exerted by it. 
The table 92 has an upwardly presented surface out of which a socket 
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100 opens, and the socket 100 is configured to receive the pilot 
diameter 12 and the flange 10 of the pre-form 70, with the axis X of the 
pre-form 70 coinciding with the axis Y of rotation for the table 92, and 
with the spindle 14 projecting upwardly. The socket 100 also receives 
5 the lug bolts 16 as well, and they engage the pre-form 70 with the table 
92 such that the pre-form 70, when on the table 92, will rotate with the 
table 92 without slipping. 

The machine B also includes a cross head 110 which is 
mounted on the frame 90 by means of trunnions 112, the common 

10 axis Z of which intersects the axis Y for the table 92 at a right angle. 
The cross head 110 has a spindle 114 which rotates about an axis S 
that intersects the trunnion axis Z and the table axis Y, with its 
inclination as to the axis Y being variable and dependent on the 
position of the cross head 110. That position is controlled by an 

1 5 electric screw jack 116 which is connected between the cross head 
110 and the frame 90. The cross head 100 carries a motor, either 
electric or hydraulic, which rotates the spindle 1 14. 

At its lower end, the spindle 1 14 has a forming tool 120 attached 
to it, and the tool 120 has a contoured face 122 (Fig.7) that is 

20 presented toward the table 92 so that it will bear against the end 
portion 71 of the spindle 14 on the pre-form 70 as the table 92 is 
elevated. The contour leaves the tool 120 with a peripheral rib 124 
and a depressed center region having a flat surface 126 that merges 
with the rib 124 along an arcuate surface 128 which matches the 

2 5 curvature of the curved end surface 60 on the formed end 20. 

Finally, the machine B has a restraining arm 140 which at one 
end is attached to a post 142 that rises from the base 94 to an 
elevation above the table 92. At its other end the arm 140 is 
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configured to fit against one of the flanges 46 of the housing 4 for the 
particular hub assembly A that is in the socket 100 of the table 92. 
The arm 140 prevents the housing 4 from rotating with the hub 2 when 
the table 92 revolves. Under the circumstances the flange 46 of 
5 housing 4 serves as a torque arm. The restraining ami 140 extends 
over the table 92 generally perpendicular to the torque arm formed by 
flange 46 and contains a sensor 144 for measuring the force exerted 
on the arm 140 by flange 46 of the housing 4. Hence, the sensor 144 
enables one to measure the torque exerted on the housing 4 by the 

10 rotating hub 2. 

In order to complete the hub assembly A from its component 
parts, some of the parts first require preassembly. For example the 
bolts 16 are fitted to the flange 10 on the hub 2 - or more accurately to 
the flange 10 on the pre-form 70 that eventually becomes the hub 2. 

15 Also, the seal 54 is pressed over the rib 30 of the outboard cone 26. 
Thereupon, the outboard cone 26 is pressed over the straight spindle 
14 on the pre-form 70 to its fullest extent, that is until its back face 32 
abuts the shoulder 1 8 at the end of the spindle 14. After a lubricant is 
applied to the outboard cone 26 and the rollers 36 which surround it, 

20 the housing 4 is lowered over outboard cone 26 and its row of rollers 
34 and aligned with seal 26 on the outboard cone 26. Further 
advancement forces the seal 26 into the outboard end bore 44 and 
seats the rollers 36 against the outboard raceway 40 of the housing 4. 
Next the inboard cone 26 is pressed over the spindle 14 of the pre- 

25 form 70 until the extension 34 at its small end comes against the end 
of the outboard cone 26. This positions the exitor ring 52 within the 
intervening surface 42 of the housing 4 and seats the rollers 34 that 
surround the inboard cone 26 against the inboard raceway 40 of the 
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housing 4. Moreover, for all intents and purposes, it brings the bearing 
6 which is so formed to the proper setting. At this time the inboard seal 
54 may be pressed into the inboard end bore 44 of the housing 4 and 
over the thrust 30 of the inboard cone 26. At this juncture in the 
5 assembly procedure, the end portion 71 on the spindle 14 of the pre- 
form 70 projects well beyond the back face 32 of the inboard cone 26. 

Once the housing 4 and bearing 6 have been fitted to the pre- 
form 70, the partially completed assembly is transferred to the machine 
B to permanently unite the hub 2, housing 4 and bearing 6. In this 

10 regard, the pre-form 70 that becomes the hub 2 is fitted to the socket 
100 in the table 92 of the machine B with the pilot diameter 12 on the 
pre-form 70 presented downwardly and serving to position the pre-form 
70 with its axis X coinciding with the axis Y of rotation for the table 92. 
The bolts 16 in the flange 10 of the pre-form 70 project downwardly, 

15 engaging the table 92, so that when the table 92 revolves, the pre-form 
70 rotates without slipping. 

The table 92 does indeed revolve, it being turned by the motor 
in the base 94. The forming tool 120 likewise turns in the same 
direction, although at a lesser velocity, and it is powered by the motor 

20 in the crosshead 110. Next the ram 98 is energized, and it elevates 
the rotating table 92 and the partially assembled hub assembly A that 
is on it. The extended end portion 71 of the spindle 14 comes against 
the rotating forming tool 120 of the crosshead 110, and the tool 120 
deforms that end portion 71 to displace the metal that is in it radially 

25 outwardly and axially toward the cone 26. This deformation creates 
the formed end or 20. The end portion 71 is thus subjected to both 
radial and axial deformation which in turn produces desirable work 
hardening of the end portion 71 as enabling the formation of both 
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curved and flat outer surfaces on the formed end with a reduced risk 
fracture. 

More specifically, the end portion 71 of the spindle 14 aligns 
with the flat surface 126 on the contoured face 122 of the tool 120, and 
5 as the spindle 14 advances along the axis Y, the flat end surface 78 on 
the end portion 71 comes against flat surface 126 of the tool 120. 
Continued advancement of the spindle 14 causes the end portion 71 
also to turn radially outwardly toward the arcuate surface 128 on the 
face 122 of the tool 120. As a consequence, the tapered surface 74 

10 and thereafter the tapered surface 72 on the end portion 71 come 
against the flat surface 126 ofthe tool 120. Eventually, with continued 
advancement ofthe end portion 71 into the tool 120, the end portion 
71 deforms outwardly to assume the configuration of arcuate surface 
128, while the adjoining region becomes flat, owing to its presence 

15 against the flat surface 126 on the tool 120. This accounts for the 
curved end surface 60 and the adjacent flat surface 62 on the formed 
end 20 that is imparted to the spindle 14. 

The ram 98 does not advance the spindle 14 into the tool 120 at 
a constant velocity. Initially, the velocity is greater than near the end. 

20 Thus, the ram 98 advances more slowly as it works the metal of the 
end portion 71 against and along the back face 32 of the inboard cone 
26. Moreover, as the ram 98 advances, the force exerted by it is 
registered by the load cell in the ram 98 and is monitored. The ram 98 
dwells after the final increment of advance to insure that the formed 

25 end 20 formed by the tool 120 retains the desired configuration. For a 
hub 2 with its spindle 14 having a 45 mm outside diameter, the force 
exerted by the ram 98 preferably should be between 6 and 8 tonnes 
and should not exceed 10 to 12 tonnes. 
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The fanning tool 1 20. as the spindle 14 on the pre-form 70 
advances into it, causes the metal of the pre-form 70 to displace 
gradually or, in other words, flow. To this end, the metal of the pre- 
form 70 must have sufficient ductility to undergo the flow without 
5 developing cracks or fissures. 1 040 steel which has a sulfur content 
less than 0.05% by weight and preferably less than 0.02% has this 
capacity. The deformation work hardens the steel, so the hardness of 
the formed end 20 is somewhat greater than the hardness of the 
remainder of the hub 2. 

10 The configuration of the extended portion 71 of the pre-form 70, 

the distance it projects beyond the back race 32 of the inboard cone 
26, and advance imparted to the table 92 by the ram 98 are all such 
that the formed end 20 does not deform the inboard cone 26 or impart 
excessive preload to the bearing 6. For example, if the end portion 71 

15 of the pre-form 70 extends too far beyond the back face 32 of the 
inboard cone 26 or otherwise contains excessive material in that 
region, the space between the forming tool and the cone back face 32 
cannot accommodate all of the material, and the inboard cone 26 
undergoes distortion in the region of its thrust rib 30 and raceway 28. 

20 Likewise, if the dwell height of the ram 98 is too high, again inadequate 
space exists to contain the metal which flows along the cone back face 
32 and the cone 26 will experience distortion. 

Visual inspections of the formed end 20 will not reveal if it has 
distorted the inboard cone 26. But the torque in the bearing 6 will, and 

25 the sensor 144 in the restraining ami 140 in effect measures that 

torque. Moreover, the sensor 144 reveals the torque without having to 
remove the hub assembly A to another fixture for a separate test, and 
thus immediately identifies a hub assembly A which should be 
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rejected. For a bearing 6 that fits around a hub spindle 14 with a 45 
mm diameter, the maximum torque in the bearing should not exceed 
35 to 40 in-lbs. The change in torque during the rotary forming should 
not exceed 8 to 10 in-lbs. 
5 The force registered by the load cell in the ram 98 also serves to 

identify bearing assemblies that require rejection. In this regard, 
excessive force exerted by the ram indicates an error in the geometry 
of the pre-form 71 or perhaps, an error in setting up the machine B. In 
any event excessive force exerted by the ram 98 may distort the 

10 inboard cone 26, causing permanent damage to the bearing assembly 
A. For a hub 2 having a spindle 14 with a 45 mm outside diameter, a 
ram force exceeding 10 to 12 tonnes signals a possible defect 

The restraining arm 140 not only facilitates measurement of the 
torque, but it also holds the housing 2 fixed while the hub 2 and rollers 

15 36 rotate within it This seats the rollers along the raceways 28 and 
against the thrust ribs 30 of the two cones 26 and also seats them 
along the raceways 40 of the housing 4. It further prevents brinnelling 
of the raceways 28 and 40. 

In lieu of the outboard cone 26 being a separate component, it 

20 may be integrated into the hub 2. In other words, the outboard inner 
raceway 28 may be formed directly on the spindle 14, just as the outer 
raceways 40 are formed directly on the housing 4. On the other hand, 
the outer raceways 40 may be formed on separate races or cups fitted 
into the housing 4. The rolling elements need not be tapered rollers 

25 36, but may be balls or other rolling elements well known in the art, and 
of course the raceways in that instance would conform to them, yet 
preferably remain oblique to the axis. 
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In view of the above, it will be seen that the several advantages 
of the present invention have been achieved and other advantageous 
results have been obtained. 

As various changes could be made in the above constructions 
5 without departing from the scope of the invention, it is intended that all 
matter contained in the above description or shown in the 
accompanying drawings shall be interpreted as illustrative and not in a 
limiting sense. 
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WHAT IS CLAIMED: 

1 . A process for uniting first and second machine 
components comprising: 

providing a first component having an opening; 
5 placing the first component in contact with a second 

component having an end portion that is received in and extending 
through the opening; 

forcing the end portion against a forming tool rotated 
about an axis having a variable inclination to the second component; 
10 and 

gradually deforming the end portion to create a formed 
end that wraps around the first component. 

2. The process according to claim 1 wherein the 

1 5 second component has a shoulder, and wherein the step of deforming 
the end portion includes capturing the first component between the 
formed end and the shoulder. 

3. The process of claim 1 and further comprising 
20 rotating the second component while maintaining the first component 

essentially stationary. 

4. The process according to claim 3 and further 
comprising monitoring the torque transferred from the rotating second 

2 5 component to the stationary first component. 

5. The process according to claim 4 wherein multiple 
first and second machine components, along with multiple bearings, 
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are united into multiple assemblies, and further comprising the step of 
segregating those assemblies in which the monitored torque exceeds a 
prescribed magnitude. 

5 6. The process according to claim 3 wherein the 

forming tool rotates in the same direction as the second component. 

7. The process according to claim 6 wherein the 
forming tool and the second component are rotated at different 

10 speeds. 

8. The process of claim 1 wherein a bearing 
assembly is between the first and second components for enabling the 
respective components to rotate with respect to each other about an 

15 axis, wherein the step of deforming includes applying a force sufficient 
to create the formed end without distorting the bearing assembly. 

9. The process according to claim 8 wherein the step 
of deforming includes creating the formed end so that it extends in a 

20 radial direction, away from the axis of rotation. 

10. The process according to claim 1 wherein the first 
component includes a flange and is maintained stationary by 
restraining it at its flange, whereby the flange serves as a torque arm. 

25 

1 1 . The process according to claim 1 wherein the first 
component substantially surrounds the second component. 
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12. A machine for uniting first and second machine 
components and a bearing that is between the components to enable 
one component to rotate relative to the other component about an axis 
of rotation, said machine comprising: 

5 a table that rotates about an axis and is configured to 

receive and engage the second machine component with the axis of 
the bearing and the axis of the table coincident, whereby the second 
component rotates with the table; 

a head located axially beyond the table, but presented 
10 toward the table and having a spindle that rotates; and 

a forming tool carried by the spindle of the head and 
rotated about an axis having a variable inclination to the axis of the 
bearing and table, wherein the forming tool is configured to deform the 
end portion of the second component when the table and head are 
15 brought toward each other, with the deformation causing the metal of 
the end portion to flow behind a surface of the bearing, wherein the 
machine unites the first and second components and the bearings. 

13. The machine according to claim 12 and further 
20 comprising a ram for driving the table toward the head. 

14. The machine according to claim 13 and further 
comprising a sensor for measuring the force exerted by the ram as it 
drives the table toward the head. 

25 

15. The machine according to claim 12 further 
comprising a restraining member configured to engage the first 
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machine component and prevent It from rotating with the second 
component. 

16. The machine according to claim 14 and further 
5 comprising a sensor in the restraining member for ascertaining the 

torque exerted by the rotating second component on the stationary first 
component. 

17. An assembly comprising: 

10 a first component having an opening; 

a second component having an axial bore and an end 
portion, received in and extending through the opening, wherein the 
end portion is radially deformed with respect to the axis to create a 
formed end that wraps around the first component wherein the formed 

15 end includes a curved outside end surface that merges with a flat 
outside end surface, perpendicular to the axis, which merges into a 
first beveled surface, formed at an oblique angle to the axis, which 
merges into a second beveled surface, formed at a substantially 
steeper angle to the axis than the first beveled surface, which merges 

20 into the axial bore. 

1 8. The assembly of claim 1 7 further comprising a 
bearing that is between the first and second components to enable one 
component to rotate relative to the respective other component 

25 

1 9. The assembly of claim 1 8 wherein the bearing 
includes raceways that are oriented obliquely to the axis and rolling 
elements arranged in two rows between the oblique raceways, all such 
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that the rolling elements transmit radial and axial loads between the 
first and second components. 



SUBSTITUTE SHEET (RULE 26) 



' *' WO 98/58762 PCT/GB98/01823 



1/4 




SUBSTITUTE SHEET (RULE 26) 



WO 98/58762 



PCT/GB98/01 823 




SUBSTITUTE SHEET (RULE 26) 



WO 98/58762 



PCT/GB98/01823 



3/4 




I 6 



FIG . 6 FIG . 5 



SUBSTITUTE SHEET (RULE 26) 



WO 98/58762 



PCT/GB98/D1823 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Int Clonal Application No 

PCT/GB 98/01823 



A. CLASSIFICATION OF SUBJECT MATTER / ^ /#% ^ 

IPC 6 B23P11/00 B60B27/00 F16C35/063 



According to International Patent Classification (I PC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 B23P B60B F16C B21K B21D B21J 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



p,x 

A 



WO 98 25772 A (KOCH ET AL) 18 June 1998 
see page 9, line 19 - page 10, line 16; 
figures 4,9 

US 5 490 732 A (HOFMANN HENRICH ET AL) 
13 February 1996 

see column 2, line 54 - line 67; claims 
6,7; figures 

EP 0 405 033 A (VSI CORP) 2 January 1991 
see claim 8; figures 

US 3 620 060 A (RANSEIER PAUL) 
16 November 1971 

see column 3, line 15 - line 37; figures 

-/- 



1,2,11 
12,17-19 



1,2,11 

5,9,12, 
17-19 

1 

1,12 



Further documents are listed in the continuation of box C. 



Patent family members are listed In annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority dalm(8) or 
which is cited to establish the publication date of another 
citation or other spectai reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority data and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

•Y" document of particular relevance; the claimed invention . 
cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skffled 
in the ait 

"A" document member of the same patent family 



Date of the actual completion of trie international search 



12 October 1998 



Date of mailing of the international search report 



21/10/1998 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL-2280HVRijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo ni. 
Fax: (+31-70) 340-3016 



Authorized officer 



Plastlras, 0 



form PCT/ISAB10 (second shoot) (Jury 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Int tional Application No 

PCT/GB 98/01823 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indfcatloawhere appropriate, of the relevant passages 



Relevant to claim No. 



US 5 596 798 A (MASSIOTIS VASILIS ET AL) 

28 January 1997 

see column 1, line 64 - column 2, line 20; 
figures 

US 5 061 090 A (KRIASKI JOHN R ET AL) 

29 October 1991 

see column 3, line 55 - column 4, line 47; 
figures 1-4 

US 5 355 722 A (S0CIER JERRY C) 
18 October 1994 
see figures 

US 3 451 243 A (GALLINGER JAY S) 
24 June 1969 
see figures 

US 5 603 554 A (MONROE DAVID A ET AL) 
18 February 1997 

see column 2, line 18 - line 22; figure 1 



1,2,8-19 



1,2,9-12 



1,3,6,7 



1,12 



1,17-19 



Fotm PCT/ISA/210 (conKnuaUon of second sheet) (Juty 1992) 



page 2 of 2 



4 INTERNATIONAL SEARCH REPORT 

Information on patent family members 


lm AJonal Application No 

PCT/GB 98/01823 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



WO 9825772 A 18-06-1998 AU 6012398 A 03-07-1998 



US 5490732 


A 


13-02- 


•1996 


0E 


433984/ L 










BR 


9404687 A 


01-08-1995 


EP 0405033 


A 


02-01- 


-1991 


US 


4974274 A 


04-12-1990 








US 


5092723 A 


03-03-1992 


US 3620060 


A 


16-11- 


-1971 


CH 


507036 A 


15-05-1971 








DE 


2015144 A 


15-10-1970 










FR 


2038390 A 


08-01-1971 










GB 


1240961 A 


28-07-1971 










OP 


48030435 B 


20-09-1973 



US 5596798 


A 


28-01-1997 


DE 


4335793 A 


27-04- 


-1995 






BR 


9404161 A 


20-06- 


-1995 


US 5061090 


A 


29-10-1991 


NONE 








US 5355722 


A 


18-10-1994 


NONE. 








US 3451243 


A 


24-06-1969 


NONE 








US 5603554 


A 


18-02-1997 


NONE 









Form PCT/1SA/21 0 (patent tamiy tnnex) (Jtfy 1992) 



